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(57)  An intersection recognizing apparatus (1) in-
cludes a stereo image obtaining unit (21) configured to
obtain a stereo image by capturing a forward image in a
street by a stereo camera (11, 12); a parallax image gen-
erator (22) configured to generate a parallax image
based on the stereo image obtained by the stereo image
obtaining unit (21); a parallax map generator (23) con-

figured to generate a parallax map based on the parallax
image; afeature data storage unit (25) configured to store
feature data of an intersection road shoulder width re-
garding a road surface; and a recognition processing cal-
culation unit (24) configured to recognize an intersection
condition based on the parallax map and the feature data
of the intersection road shoulder width.
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to an intersection
recognizing apparatus and a computer-readable storage
medium.

BACKGROUND OF THE INVENTION

[0002] In recent years, a driving support system utiliz-
ing an in-vehicle camera has been put into practical use
to improve a safety and a convenience of an automobile.
In such a driving support system, it is highly significant
for realizing functions including a collision avoidance to
recognize an intersection in a space for vehicle driving.
Recently, a driving support system utilizing a stereo cam-
era has been studied a lot since a stereo camera allows
obtaining not only visual information but also distance
information.

[0003] In aconventional method for recognizing an in-
tersection, an inroad of a vehicle into an intersection is
recognized by presupposing the existence of a crossing
vehicle around the intersection, recognizing a crossing
vehicle based on a luminance image captured by a cam-
era, and obtaining a distance to the crossing vehicle by
a radar device. There is a problem of having a difficulty
in real time processing with a complicated system con-
figuration in a case where an intersection with no crossing
vehicle cannot be recognized.

[0004] In Japanese Patent No. 4613738, for example,
an imaging device and a radar device are attached at
predetermined locations in a vehicle for the purpose of
accurately determining an intersection condition, an im-
age recognition processing is performed on a luminance
image obtained by the imaging device that captures a
forward image of the vehicle, and a crossing vehicle that
moves in the intersection is detected as a candidate ve-
hicle. Then, a distance to the detected candidate vehicle
is obtained by the radar device and an inroad of the ve-
hicle into the intersection is recognized.

[0005] However,sincethe existence of avehicle is pre-
supposed for the recognition of the intersection condition
and information of the distance to the detected crossing
vehicle is obtained by the radar device, there is a problem
in Japanese Patent No. 4613738 in that realization of
real time performance is difficult with a complicated sys-
tem configuration in the case where an intersection with
no crossing vehicle cannot be recognized.

[0006] Therefore, there is a need for an intersection
recognizing apparatus capable of precisely recognizing
an intersection with a simple configuration and a compu-
ter-readable storage medium.

SUMMARY OF THE INVENTION

[0007] Itis an object of the presentinvention to at least
partially solve the problems in the conventional technol-
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ogy.
[0008] According to an embodiment, there is provided
an intersection recognizing apparatus that includes a
stereo image obtaining unit configured to obtain a stereo
image by capturing aforward image in a street by a stereo
camera; a parallax image generator configured to gen-
erate a parallax image based on the stereo image ob-
tained by the stereo image obtaining unit; a parallax map
generator configured to generate a parallax map based
on the parallax image; a feature data storage unit con-
figured to store feature data of an intersection road shoul-
der width regarding a road surface; and a recognition
processing calculation unit configured to recognize an
intersection condition based on the parallax map and the
feature data of the intersection road shoulder width.
[0009] According to another embodiment, there is pro-
vided a computer-readable storage medium with an ex-
ecutable program stored thereon and executed by a com-
puter. The program instructs the computer to perform:
generating a parallax image based on a stereo image
obtained by capturing a forward image in a street by a
stereo image obtaining unit; generating a parallax map
based on the parallax image; and recognizing an inter-
section condition based on the parallax map and feature
data of an intersection road shoulder width regarding a
road surface, the feature data being stored in a storage
unit.

[0010] The above and other objects, features, advan-
tages and technical and industrial significance of this in-
vention will be better understood by reading the following
detailed description of presently preferred embodiments
of the invention, when considered in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 illustrates a simple overview of an example
of a hardware configuration of an intersection rec-
ognizing apparatus according to an embodiment;
FIG. 2 illustrates an example of a functional config-
uration of the intersection recognizing apparatus 1
according to the embodiment;

FIG. 3 is an explanatory view of right and left lumi-
nance images and a parallax image;

FIG. 4 is an explanatory view of a relation of a par-
allax image with a U-Map, a U-Height-Map, and a
U-Low-Map;

FIG. 5 is a flowchart for explaining an intersection
recognition processing;

FIG. 6 is an explanatory view of a relation of a lumi-
nance image with a U-Map, a U-Low-Map, a U-
Height-Map, and a U-Real-Map; and

FIG. 7 is an explanatory view of an example of inter-
section recognition.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] An intersection recognizing apparatus and a
computer-readable storage medium according to an em-
bodiment will be explained below. While constituent el-
ements of the present invention are generally illustrated
in the accompanying drawings of the description, it is
easily understood that the elements can be arranged and
designed in a wide variety of configurations. Therefore,
a detailed explanation below regarding an embodiment
of an apparatus, a method, and a computer-readable
storage medium storing therein a program will not limit
the scope of the present invention specified by the ap-
pended claims, one exemplary embodiment selected in
the present invention is only shown, and one selected
embodiment with regard to an apparatus, a system, and
a method is just shown in consistency with the present
invention specified by the appended claims of the de-
scription. It is understood that one skilled in the art can
realize the present invention even without at least one
specific item or even with another method, component,
and material.

[0013] An intersection recognizing apparatus accord-
ing to an embodiment can be used for a vehicle installa-
tion. FIG. 1 illustrates a simple overview of an example
of ahardware configuration of an intersection recognizing
apparatus according to an embodiment. An intersection
recognizing apparatus 1 is provided with an imaging unit
2, an FPGA (parallax calculation) 3, a frame buffer 4, an
image display device 5, a micro processing unit (MPU)
6, and a memory 7, as illustrated in FIG. 1.

[0014] The imaging unit 2 includes right and left cam-
eras (stereo cameras) 11 and 12 attached in parallel at
right and left sides, capture a forward image in a street
by the right and left cameras 11 and 12, and outputs
stereo images (right and left luminance images) to the
FPGA 3. Each camera is formed by a lens, an imaging
element, and the like. The FPGA 3 calculates a parallax
image (parallax data) at high speed from the stereo im-
ages obtained by the imaging unit 2 and stores the par-
allax image and the right and left luminance images in
the frame buffer 4.

[0015] The frame buffer 4 stores the parallax image,
the right and left luminance images, an image of a result
of recognition in an intersection recognition processing,
and the like. The image display device 5 displays the
image of the recognition result of the intersection recog-
nition processing and a camera image. The memory 7
stores feature data of difference in road surface height
and feature data of intersection road shoulder width re-
garding a road surface as a detection target, both feature
data being used for the intersection recognition process-
ing. The MPU 6 performs the intersection recognition
processing based on the parallax image, and the feature
data of difference in road surface height and the feature
data of intersection road shoulder width stored in the
memory 7.
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[0016] FIG. 2illustrates an example of afunctional con-
figuration of the intersection recognizing apparatus 1 ac-
cording to the embodiment. FIG. 3 is an explanatory view
of one example of right and left luminance images and a
parallax image. FIG. 4 illustrates a relation of a parallax
image with a U-Map (first map), a U-Height-Map (second
map), and a U-Low-Map (third map).

[0017] Asillustrated in FIG. 2, the intersection recog-
nizing apparatus 1 is provided with a stereo image ob-
taining unit 21, a parallax image generator 22, a parallax
map generator 23, a recognition processing calculation
unit 24, a feature data storage unit 25, and a recognition
result image display unit 26.

[0018] The stereo image obtaining unit 21 captures a
forwardimagein a street by right and left cameras (stereo
cameras) attached in parallel at a front side of the vehicle
to obtain right and left luminance images (stereo images)
and outputs the right and left luminance images to the
parallax image generator 22.

[0019] The parallax image generator 22 performs a
stereo matching process of the right and left luminance
images input from the stereo image obtaining unit 21 to
generate a parallaximage. The parallaximage generator
22 outputs the right and left luminance images and the
generated parallax image to the parallax map generator
23. More specifically, the parallax image generator 22
detects sectional images corresponding to each other
between the right and the left luminance images (stereo
matching process) and generates a parallax image
formed of a parallax between the sectional images. FIG.
3 illustrates one example of the right and left luminance
images and the parallax image, in which the parallax im-
age is generated by performing the stereo matching proc-
ess on the right luminance image and the left luminance
image.

[0020] The feature data storage unit 25 stores the fea-
ture data of difference in road surface height and the
feature data of intersection road shoulder width regarding
the road surface as a detection target. The feature data
of difference in road surface heightis used as areference
for determining a road shoulder and an object. The fea-
ture data of intersection road shoulder width is used as
areference for determining whether or not anintersection
is present between end points of the road shoulder.
[0021] The parallax map generator 23 generates a par-
allax map based on parallax data on the parallax image.
The parallax map includes a U-Map which shows a his-
togram (frequency) of the parallax data in an X direction
of the parallax image, a U-Height-Map which shows a
maximum height of the parallax data in the X direction of
the parallax image, and a U-Low-Map which shows a
minimum height of the parallax data in the X direction of
the parallax image, for example.

[0022] As illustrated in FIG. 4, the parallax image is
defined by parallax data in the X direction and Y direction,
and what is defined by the frequency of the parallax data
of the parallax image with regard to the X direction (by
how many times the parallax data in the X direction oc-
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curs) becomes a value of the U-Map. The highest row
number of the parallax data becomes a value of the U-
Height-Map. The lowest row number of the parallax data
becomes a value of the U-Low-Map.

[0023] The recognition processing calculation unit 24
performs an intersection recognition processing based
on the parallax map (U-Map, U-Height-Map, and U-Low-
Map), and the feature data of difference in road surface
height and the feature data of intersection road shoulder
width stored in the feature data storage unit 25. Specifi-
cally, the recognition processing calculation unit 24 ten-
tatively recognize road shoulders on the U-Low-Map
based on lines extracted on the U-Map, eliminates an
object recognized on the U-Height-Map from road shoul-
ders tentatively recognized on the U-Low-Map, gener-
ates a U-Real-Map (real map), extracts end points on the
U-Real-Map, and recognizes an intersection by compar-
ing a distance between the extracted end points and the
feature data of intersection road shoulder width.

[0024] The recognition resultimage display unit 26 dis-
plays images of various kinds from the cameras and a
recognition result image of the intersection recognition
processing (image on which a line, a frame, and the like
are superimposed to display the intersection road shoul-
der).

[0025] FIG. 5is a flowchart for explaining a procedure
of the intersection recognition processing in the intersec-
tion recognizing apparatus 1 configured as illustrated in
FIG. 2. FIG. 6 illustrates an example of a relation of a
luminance image with the U-Map, U-Height-Map, U-Low-
Map, and U-Real-Map. FIG. 7 is an explanatory view of
a specific example of the intersection recognition
processing. The intersection recognition processing in
the intersection recognizing apparatus 1 will be explained
with reference to FIGS. 6 and 7 in accordance with the
flowchart in FIG. 5.

[0026] InFIG. 5, the parallax image generator 22 gen-
erates a parallax image based on the right and left lumi-
nance images illustrated in (a) of FIG. 6 and (a) of FIG.
7 captured by the stereo image obtaining unit 21 (step
S1). The parallax map generator 23 generates a parallax
map (U-Map, U-Height-Map, and U-Low-Map) based on
the parallax image (step S2).

[0027] The recognition processing calculation unit 24
eliminates noises and extracts lines from the U-Map il-
lustrated in (b) of FIG. 6 and (b) of FIG. 7 (step S3).
Specifically, a straight line approximation processing by
the least square method or the Hough transform process-
ing is performed to extract lines, for example.

[0028] The recognition processing calculation unit 24
performs a tentative recognition of a road shoulder on
the U-Low-Map based on the lines extracted on the U-
Map (step S4). Specifically, every line extracted on the
U-Low-Map is tentatively recognized as a road shoulder
as the first step, as illustrated in (c) of FIG. 6 and (c) of
FIG. 7, for example.

[0029] With respect to every road shoulder tentatively
recognized on the U-Low-Map, the recognition process-
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ing calculation unit 24 compares a difference in height
on the U-Height-Map with the feature data of difference
in road surface height stored in the feature data storage
unit 25 and recognizes an object on the U-Height-Map
as illustrated in (d) of FIG. 6 and (d) of FIG. 7 (step S5).
Specifically, a difference between the U-Height-Map and
the U-Low-Map is calculated as a difference in height
with respect to every road shoulder tentatively recog-
nized. Since distance information can be obtained based
on the parallax data, a triangular relation is present with
distance and an actual difference in height, and the actual
difference in height is directly proportional to the differ-
ence in height on the U-Height-Map and the difference
in height on the U-Low-Map, it is possible to calculate a
distance from parallax data, utilizes difference in height
from the distance information, and calculate actual dif-
ference in height. When the actual difference in height is
larger than the feature data of difference in road surface
height, the difference in height is recognized as an object
and when the actual difference in height is smaller than
the feature data of difference in road surface height, the
difference in height is recognized as a road shoulder.
[0030] The recognition processing calculation unit 24
eliminates the object recognized on the U-Height-Map
from the road shoulders tentatively recognized on the U-
Low-Map and generates the U-Real-Map illustrated in
(e) of FIG. 6 (step S6). Here, all the lines on the U-Real-
Map are assumed to be road shoulders.

[0031] The recognition processing calculation unit 24
extracts end points of the lines on the U-Real-Map and
calculates distance information between end points
based on the parallax data of the end points as illustrated
in (e) of FIG. 7. The least square method and the Hough
transform processing are performed for the straight line
approximation processing. In the Hough transform, a
straight line can be detected as a line segment having
end points and end point information can thereby be ob-
tained.

[0032] The recognition processing calculation unit 24
compares the distance between the end points of the
road shoulder calculated on the U-Real-Map with the fea-
ture data of intersection road shoulder width to recognize
an intersection (step S7). Specifically, when the distance
between the end points of the road shoulder is larger
than the feature data of intersection road shoulder width,
it is recognized as an intersection.

[0033] The recognition resultimage display unit 26 dis-
plays the intersection condition illustrated in (f) of FIG. 7
based on a positional relation on the luminance image
(step S8). Here, the intersection condition means a de-
termination on how far forward in the driving direction of
the vehicle the intersection is present and a condition
where the vehicle moves into the intersection. For exam-
ple, the recognition result image display unit 26 super-
imposes lines forroad shoulders and lines forintersection
road shoulders in respectively different colors, red and
green in the example illustrated in (f) of FIG. 7, on the
luminance image in the display to enable the user to
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check the intersection.

[0034] According to the embodiment as explained so
far, the stereo image obtaining unit 21 captures a forward
image by stereo cameras to obtain stereo images; the
parallax image generator 22 generates a parallax image
based onthe stereo images captured by the stereoimage
obtaining unit 21; the parallax map generator 23 gener-
ates the parallax map (the U-Map which shows the fre-
quency of the parallax data in the X direction of the par-
allax image, the U-Height-Map which shows a maximum
height of the parallax datain the X direction of the parallax
image, and the U-Low-Map which shows a minimum
height of the parallax datain the X direction of the parallax
image; and the recognition processing calculation unit
24 tentatively recognizes road shoulders on the U-Low-
Map based on the lines extracted on the U-Map, elimi-
nates an object recognized on the U-Height-Map from
the road shoulders tentatively recognized on the U-Low-
Map, generates the U-Real-Map, extracts end points on
the U-Real-Map, and compares the distance between
the extracted end points with the feature data of inter-
section road shoulder width to recognize the intersection.
It becomes possible according to the present invention
to precisely recognize an intersection with a simple con-
figuration even in a case where a crossing vehicle is not
present.

[0035] Besides, the functions of the constituent ele-
ments of the intersection recognizing apparatus may be
realized by a computer that executes a program. The
program to be executed by the intersection recognizing
apparatus is provided by being preloaded in a ROM, not
illustrated, and the like.

[0036] The program to be executed by the intersection
recognizing apparatus may be configured to be recorded
in a file of aninstallable format or of an executable format
in a computer-readable storage medium such as a CD-
ROM, a flexible disk (FD), a CD-R, and a digital versatile
disk (DVD) and provided.

[0037] Moreover, the program to be executed by the
intersection recognizing apparatus may be configured to
be stored on a computer connected to a network such
as the Internet, downloaded via the network, and provid-
ed.

[0038] Furthermore, the program to be executed by
the intersection recognizing apparatus may be config-
ured to be provided or distributed via the network such
as the Internet.

[0039] The program to be executed by the intersection
recognizing apparatus has a module configuration in-
cluding the constituent elements explained above, and
for an actual hardware, a CPU (processor) not illustrated
in the drawings reads out and executes the program
stored in a ROM and the like, the units explained above
are loaded on the main storage device, and respective
constituent elements are thus generated on the main
storage device.

[0040] Although the invention has been described with
respect to specific embodiments for a complete and clear
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disclosure, the appended claims are notto be thus limited
but are to be construed as embodying all modifications
and alternative constructions that may occur to one
skilled in the art that fairly fall within the basic teaching
herein set forth.

Claims

1. Anintersection recognizing apparatus (1), compris-
ing:

a stereo image obtaining unit (21) configured to
obtain a stereo image by capturing a forward
image in a street by a stereo camera (11, 12);
a parallax image generator (22) configured to
generate a parallax image based on the stereo
image obtained by the stereo image obtaining
unit (21);

a parallax map generator (23) configured to gen-
erate a parallax map based on the parallax im-
age;

a feature data storage unit (25) configured to
store feature data of an intersection road shoul-
der width regarding a road surface; and

a recognition processing calculation unit (24)
configured to recognize an intersection condi-
tion based on the parallax map and the feature
data of the intersection road shoulder width.

2. The intersection recognizing apparatus (1) accord-
ing to claim 1, wherein
the stereo camera (11, 12) includes two stereo cam-
eras that are attached in parallel at right and left
sides, and
the stereo image obtaining unit (21) is configured to
obtain the stereo image in a chronological order.

3. The intersection recognizing apparatus (1) accord-
ing to claim 1 or 2, wherein the parallax image gen-
erator (22) is configured to detect sectional images
corresponding to each other between right and left
images constituting the stereo image obtained by
the stereo image obtaining unit (21) and generate
the parallax image formed of a parallax between the
detected sectional images.

4. The intersection recognizing apparatus (1) accord-
ing to any one of claims 1 to 3, wherein the parallax
map includes a first map that shows a frequency of
parallax data in an X direction of the parallax image,
a second map that shows a maximum height of the
parallax data in the X direction of the parallax image,
and a third map that shows a minimum height of the
parallax data in the X direction of the parallax image.

5. The intersection recognizing apparatus (1) accord-
ing to claim 4, wherein the recognition processing
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calculation unit (24) is configured to recognize an
intersection in such a way that a road shoulder is
tentatively recognized on the third map based on
lines extracted on the first map, a real map is gen-
erated by eliminating an object recognized on the
second map from the road shoulder tentatively rec-
ognized on the third map, end points on the real map
is extracted, and a distance between the extracted
end points is compared with the feature data of the
intersection road shoulder width.

A computer-readable storage medium with an exe-
cutable program stored thereon and executed by a
computer, wherein the program instructs the com-
puter to perform:

generating a parallax image based on a stereo
image obtained by capturing a forward image in
a street by a stereo image obtaining unit (21);
generating a parallax map based on the parallax
image; and

recognizing an intersection condition based on
the parallax map and feature data of an inter-
section road shoulder width regarding a road
surface, the feature data being stored in a stor-
age unit (25).
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